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PROBLEM TO BE SOLVED: To suppress the release of 
a Cu wiring layer from surface by a method, wherein a 
trench is formed in an insulating layer to interpose an 
underneath layer in the trench for burying a Cu wiring 
layer to form a bonding layer covering the wiring layer 
further forming a cap layer covering the bonding layer. 
SOLUTION: A trench 2 is formed in an insulating layer 1, 
made of silicon oxide film, etc., to form an underneath 
layer 3 made of TiN, etc., in the trench 2 further forming 
a Cu wiring layer 4 on the underneath layer 3. Next, a 
bonding layer 5 covering the Cu wiring layer 4 and the 
underneath layer 3 for increasing the bonding strength 
between a cap layer 6 and the Cu wiring layer 4 is 
formed. At this time, the bonding layer 5 is to be made 
of a material for the bonding strength between the 
bonding layer 5 and the Cu wiring layer 4 to exceed that 
between the Cu wiring 4 and the cap layer 6 as well as 
the growing rate of an oxide not exceeding that of the 
Cu wiring 4. Through these procedures, the connecting 

strength between the Cu wiring layer 4 and the cap layer 6 can be increased, also enabling the 
oxidation of the surface of the Cu wiring layer 4 to be suppressed effectively. 
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* NOTICES * 

» 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device equipped with the insulating layer in which the trench was 
formed, the wiring layer constituted by the quality of the material which is intervened and 
embedded in a substrate layer in said trench, and contains Cu, the adhesion layer formed in said 
trench so that said wiring layer might be covered, and the cap layer formed in said trench so that 
said adhesion layer might be covered. 

[Claim 2] Said adhesion layer is a semiconductor device according to claim 1 with which 
adhesion reinforcement with said wiring layer is constituted by the quality of the material larger 
[ than the adhesion reinforcement of said wiring layer and said cap layer ] and smaller than it 
[ in / in the growth rate of an oxide / said wiring layer ]. 

[Claim 3] The semiconductor device according to claim 1 or 2 which formed the reaction layer 
by making said adhesion layer and said wiring layer react between said cap layers and said wiring 
layers. 

[Claim 4] The semiconductor device according to claim 3 from which said all adhesion layers 
located on said wiring layer were changed into said reaction layer. 

[Claim 5] It has the insulating layer in which the trench was formed, and the wiring layer 
constituted by the quality of the material which is intervened and embedded in a substrate layer 
in said trench, and contains Cu. In the side-attachment-wall upper limit corner section of said 
trench It is the semiconductor device with which the periphery section of said cap layer extends 
on the side-attachment-wall upper limit corner section of said trench rounded off by performing 
processing which rounds off said corner section by performing processing which rounds off this 
corner section, and forming a cap layer in said trench so that said wiring layer may be covered. 
[Claim 6] The side-attachment-wall upper limit corner section of said trench is a semiconductor 
device according to claim 5 constituted by the curved surface which has the radius of curvature 
of 2-20nm. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention is embedded in the trench formed in the 
insulating layer about a semiconductor device, and relates to the semiconductor device which 
has the wiring layer constituted by the quality of the material containing Cu. 
[0002] 

[Description of the Prior Art] Since the demand to high integration and improvement in the 
speed of a semiconductor device is increasing increasingly and it corresponds to such high 
integration and improvement in the speed, various examination also about a wiring material is 
made. Especially, about 0.15 micrometers of wiring width of face are considered that a thing 
usable as a wiring material is limited extremely in subsequent generations. In such an ingredient, 
using Cu as a wiring material in recent years is proposed. 

[0003] An example of the wiring structure in the case of using Cu as a wiring material is shown 
in drawing 14 . The wiring structure shown in this drawing 14 is formed of the wiring process 
using the method called the so-called "DAMASHIN method." The DAMASHIN method is 
indicated by monthly publication Semiconductor World 1995.12 "the wiring process using a 
DAMASHIN method" etc., for example. 

[0004] As shown in drawing 14 , the trench 2 is formed in the insulating layer 1, in this trench 2, 
the substrate layer 3 is intervened and the Cu wiring layer 4 is formed. The cap layer 6 is formed 
so that the top face of this Cu wiring layer 4 may be covered. This cap layer 6 is constituted by 
TiWN etc. and has the function which controls oxidation of the top face of the Cu wiring layer 4. 
By having such a cap layer 6, oxidation of the top face of the Cu wiring layer 4 becomes possible 
[ it being controlled effectively and controlling effectively property degradation of a resistance 
rise of the Cu wiring layer 4 etc. ]. 

[0005] Thus, forming the cap layer 6 is indicated by Shingaku Giho TECHNICAL REPORT OF 
IEICE.SDM 96-169 (1996-12) "DAMASHIN Cu wiring capped by TiWN" etc., for example. 
[0006] Next, the manufacture approach of the wiring structure shown in drawing 14 is explained 
using drawing 15 - drawing 18 . Drawing 15 - drawing 18 are the sectional views showing the 1 st 
process of the production process of the wiring structure shown in drawing 14 - the 4th process. 

[0007] With reference to drawing 15 , a trench 2 is formed in an insulating layer 1 using a 
photoengraving-process technique, an etching technique, etc. next, it is shown in drawin g 1 6 — 
as — CVD (Chemical Vapor Deposition) — TiN layer 3a is formed using law etc., on this TiN 
layer 3a, the sputtering method etc. is used and Cu layer 4a is formed. 
[0008] Next, CMP (Chemical Mechanical Polishing) processing is performed to the above- 
mentioned Cu layer 4a and TiN layer 3a. Thereby, while exposing the front face of an insulating 
layer 1, it leaves Cu layer only in a trench 2. Consequently, as shown in drawing 17 , the 
substrate layer 3 and the Cu wiring layer 4 are formed in a trench 2, respectively. 
[0009] Next, as shown in drawing 18 , TiWN layer 6a is formed using the sputtering method etc. 
And CMP processing is performed to this TiWN layer 6a. The wiring structure shown in drawing 
14 will be acquired through the above process. 
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[0010] 

tProblem(s) to be Solved by the Invention] Although it became possible to control oxidation of 
the top face of the Cu wiring layer 4 by forming cap layer 6a as mentioned above, when the 
wiring structure by which the artificer of this application is shown in drawing 14 was made as an 
experiment, it checked that exfoliation may arise in the interface of the above-mentioned cap 
layer 6 and the Cu wiring layer 4. As one factor of this exfoliation, it is possible that the adhesion 
reinforcement of the Cu wiring layer 4 and the cap layer 6 is weak. Moreover, the artificer of this 
application also checked that it was easy to produce the above-mentioned exfoliation in the 
periphery section of the cap layer 6. From this, a certain stress concentrates in the periphery 
section of the cap layer 6, and it is thought that this stress concentration can also serve as a 
cause of the above-mentioned exfoliation. 

[001 1] When the above exfoliations arise in the interface of the cap layer 6 and the Cu wiring 

layer 4, the top face of the Cu wiring layer 4 oxidizes, and we are anxious about property 

degradation of a resistance rise of the Cu wiring layer 4 etc. And the fall of the yield and the fall 

of a wiring life will be caused by such property degradation of the Cu wiring layer 4. 

[0012] This invention is made in order to solve the above technical problems. The purpose of 

this invention is to control the exfoliation from the front face of the Cu wiring layer 4. 

[0013] 

[Means for Solving the Problem] The semiconductor device concerning this invention is equipped 
with an insulating layer, a wiring layer, an adhesion layer, and a cap layer on one aspect of affairs. 
A trench is formed in an insulating layer, a substrate layer is intervened in this trench, and a 
wiring layer is embedded. This wiring layer is constituted by the quality of the material containing 
Cu. An adhesion layer is formed in a trench so that a wiring layer may be covered, and a cap 
layer is formed in a trench so that an adhesion layer may be covered. Here, the above- 
mentioned substrate layer has the diffusion prevention function of the wiring layer ingredient to 
the inside of an insulating layer, and a function as an adhesion layer of a wiring layer and an 
insulating layer. Moreover, an adhesion layer has large adhesion reinforcement with the both 
sides of a wiring layer and a cap layer, and it has the function to connect both firmly. Moreover, 
a cap layer has oxidation resistance and has the function which controls that a wiring layer 
oxidizes. 

[0014] In addition, it is constituted by the quality of the material with adhesion reinforcement 
preferably larger [ the above-mentioned adhesion layer ] than the adhesion reinforcement of a 
wiring layer and a cap layer and with a cap layer, and the growth rate of an oxide smaller than it 
in a wiring layer. 

[0015] Moreover, it is desirable to form a reaction layer by making an adhesion layer and a wiring 
layer react between the above-mentioned cap layer and a wiring layer. 

[0016] Moreover, when forming a reaction layer as mentioned above, all the adhesion layers 
located on a wiring layer may be changed into a reaction layer. 

[0017] The semiconductor device concerning this invention is equipped with an insulating layer, a 
wiring layer, and a cap layer on other aspects of affairs. A trench is formed in an insulating layer, 
a substrate layer is intervened in this trench, and a wiring layer is embedded. This wiring layer is 
constituted by the quality of the material containing Cu. A cap layer is formed in a trench so that 
a wiring layer may be covered. And processing which rounds off this corner section is performed 
to the side-attachment-wall upper limit corner section of a trench. For example, when the 
above-mentioned insulating layer is constituted by silicon oxide, light etching processing in which 
the fluoric acid system was used for the insulating layer after the trench was formed is 
performed. By performing such processing, the trench side-attachment-wall upper limit corner 
section is rounded off, and the periphery section of the above-mentioned cap layer extends on 
the side-attachment-wall upper limit corner section of this trench rounded off. 
[0018] In addition, as for the side-attachment-wall upper limit corner section of the above- 
mentioned trench, it is desirable to be constituted by the curved surface which has the radius of 
curvature of 2-20nm. At this time, as long as it is a thing within the limits of 2-20nm as 
mentioned above, the side-attachment-wall upper limit corner section of a trench may be 
constituted by putting in a row the curved surface which has different radius of curvature. 
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[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is 
explained using drawing 1 - drawing 1 1 . 

[0020] (Gestalt 1 of operation) The gestalt 1 of implementation of this invention is first explained 
using drawing 1 - drawing 7 . Drawing 1 is the sectional view showing the wiring structure in the 
gestalt 1 of implementation of this invention. 

[0021] The trench 2 is formed in the insulating layer 1 which consists of silicon oxide etc. with 
reference to drawing 1 . The aperture width W of a trench 2 is about 0.18 micrometers, and 
depth D of a trench 2 is about 0.3 micrometers. In addition, the aspect ratio of a trench 2 may 
be one to about 1 .5. 

[0022] In a trench 2, the substrate layer 3 which consists of TiN etc. is formed. The thickness t1 
of this substrate layer 3 is about 10nm. The Cu wiring layer 4 is formed on this substrate layer 3. 
The thickness t2 of this Cu wiring layer 4 is about 200nm. In addition, it is also possible to use 
CuZr, CuTi, CuAl, etc. instead of the Cu wiring layer 4. 

[0023] The adhesion layer 5 is formed so that the Cu wiring layer 4 and the substrate layer 3 
may be covered. This adhesion layer 5 is formed so that it may raise the adhesion reinforcement 
of the cap layer 6 and the Cu wiring layer 4 which are formed on the adhesion layer 5, the 
adhesion reinforcement of the adhesion layer 5 and the Cu wiring layer 4 is larger than the 
adhesion reinforcement of the Cu wiring layer 4 and the cap layer 6, and it is desirable that the 
growth rate of an oxide is constituted by the quality of the material smaller than it in the Cu 
wiring layer 4. While this becomes possible [ raising the connection resilience of the Cu wiring 
layer 4 and the cap layer 6 rather than the conventional example ], it becomes possible also K 
about the top face of the Cu wiring layer 4 oxidizing to control effectively. 
[0024] As the quality of the material of the above-mentioned adhesion layer 5, Ti, TiN, Cr, 
aluminum, AlCu, AlSiCu, etc. can be mentioned. Moreover, as for the thickness t3 of this 
adhesion layer 5, it is desirable that it is about 3-50nm. By considering as such thickness, the 
above effectiveness is expectable. 

[0025] If the cap layer 6 is this case, it is constituted by TiWN. As shown in drawing 1 , this cap 
layer 6 is embedded in a trench 2 so that the adhesion layer 5 may be covered. Moreover, the 
thickness t4 of this cap layer 6 is 30nm - about 77nm. By considering as such thickness, it 
becomes possible to secure the oxidation resistance of the cap layer 6. 

[0026] By forming the above adhesion layers 5, it is thought that it becomes possible to control 
exfoliation of the cap layer 6 effectively. That this should be proved, the artificer of this 
application evaluated whether exfoliation of the cap layer 6 would arise, when the adhesion layer 
5 was formed. The evaluation result is shown in Table 1. In addition, the case where Ti layer is 
formed as an adhesion layer 5 is shown by Table 1 . 



[0027] 
iTable 1] 




CMP B#<0 TiWN fS 




^.hUX*(BffgU— AOOnm/min. ) 




TiN/Cu/TiWN 






TiN/ Cu/ Ti/ TiWN 


MKttL 


MBftL 


TiN / Cu/ Ti / TiWN(1»«ifflW "J ) 


HfKttL 





[0028] As shown in Table 1, when Ti, layer which functions as an adhesion layer 5 is formed, it 
turns out that exfoliation has not arisen irrespective of the size of the stress to the cap layer 
after CMP (TiWN layer). From this, it is thought by forming the adhesion layer 5 that it becomes 
possible to control exfoliation of the cap layer 6 effectively. In addition, also when the above- 
mentioned quality of the materials other than Ti layer are used as an adhesion layer 5, it is 
imagined as that from which the same result is obtained. Moreover, although what heat-treated 
after forming the adhesion layer 5 in Table 1 is indicated, about this, it mentions later. 
[0029] Next, the manufacture approach of the wiring structure shown in drawing 1 is explained 
using drawing 2 - drawing 6 . Drawing 2 - drawing 6 are the sectional views showing the 1st 
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process of the production process of the wiring structure shown in drawing 1 - the 5th process. 
[0030] With reference to drawing 2 , a trench 2 is formed using a photoengraving-process 
technique and a dry etching technique. It is as having mentioned above about the dimension of 
this trench 2. 

[0031] Next, for example using a CVD method etc., TiN layer 3a is formed in the thickness of 
about 10nm so that it may extend on an insulating layer 1 from the inside of a trench 2. On this 
TiN layer 3a, a CVD method or the sputtering method is used and Cu layer 4a with a thickness 
of about 400nm is formed. 

[0032] Next, CMP processing is performed to the above-mentioned Cu layer 4a and TiN layer 3a. 
This CMP processing may be performed using the slurry of for example, the alumina base. And 
CMP processing is performed until the main front face of an insulating layer 1 is exposed. 
Consequently, as shown in drawing 4 , while the Cu wiring layer 4 and the substrate layer 3 are 
formed, the recess section 7 is formed on these. The depth D1 of this recess section 7 is 
selected so that it may become the sum of the thickness of the adhesion layer 5 and the cap 
layer 6 which are formed at a next process, and if it is this case, it is about 80nm, for example. In 
addition, as for the depth D1 of the recess section 7, it is desirable to be set as about 50-80nm 
and a comparatively small value. Thereby, reduction of the cross section of the Cu wiring layer 4 
can be controlled, and the rise! of wiring resistance can be controlled. 

[0033] Next, as shown in drawing 5 , Ti layer 5a is formed in the thickness of about 200nm using 
the sputtering method etc. And CMP processing is performed to this Ti layer 5a. 
[0034] This becomes possible to form the adhesion layer 5 so that it may be embedded in a 
trench 2, as shown in drawing 6 . Then, TiWN layer 6a is further formed in the thickness of about 
200nm using the sputtering method etc. And CMP processing is performed also to this TiWN 
layer 6a. Also in this case, CMP processing using the slurry of the alumina base may be 
performed. The wiring structure shown in drawing 1 will be acquired through the above process. 
[0035] In addition, sequential formation of the above-mentioned Ti layer 5a and the TiWN layer 
6a may be carried out, and CMP processing may be performed to these laminated structures. 
[0036] Next, the example of application of the wiring structure in the gestalt 1 of this operation 
is explained using drawing 7 . Drawing 7 is the sectional view showing an example of the 
semiconductor device with which the wiring structure in the gestalt 1 of the above-mentioned 
operation was applied. Specifically, a part of DRAM (Dynamic Random Access Memory) to which 
the wiring structure of the gestalt 1 of the above-mentioned operation was applied is shown in 
drawing 7 . 

[0037] With reference to drawing 7 , the impurity diffusion fields 14a and 14b are formed in the 
main front face of a silicon substrate 10 so that a channel field may be specified. Trenches 1 1a 
and 1 1b are formed in the both sides of these impurity diffusion fields 14a and 14b. In trench 1 1a 
and 11b, insulating layers 12a and 12b are intervened, and the polish recon layers 13a and 13b 
are formed, respectively. 

[0038] The gate insulating layer 15 is intervened on the above-mentioned channel field, and the 
gate electrode 16 is formed. On the main front face of a silicon substrate 10, layer insulation 
layer 18a which consists of a silicon oxide etc. is formed so that this gate electrode 16 may be 
covered. Contact holes 1 1c and 1 1d are formed in this layer insulation layer 18a so that it may 
arrive at the impurity diffusion fields 14a and 14b. In contact hole 1 1c and 1 1d, the plug 
electrodes 1 7a and 1 7b which consist of W etc. are formed. 

[0039] Layer insulation layer 18b is formed so that layer insulation layer 18a may be covered. A 
trench 23 is formed in this layer insulation layer 18b, and the substrate layer 19 which consists 
of TiN etc. is formed in this trench 23. The Cu wiring layer 20 is formed on this substrate layer 
19, and the adhesion layer 21 is formed on this Cu wiring layer 20. And on this adhesion layer 21, 
the cap layer 22 which consists of TiWN is formed. On layer insulation layer 18b, layer insulation 
layer 18c is formed so that the cap layer 22 may be covered. In addition, although Cu wiring layer 
may be formed also in this layer insulation layer 18c, that illustration and explanation are omitted. 

[0040] (Gestalt 2 of operation) Next, the gestalt 2 of implementation of this invention is 
explained using drawing 8 and drawing 9 . Drawing 8 is the sectional view showing the wiring 
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structure in the gestalt 2 of implementation of this invention. Drawing 9 is the sectional view 
showing the modification of the wiring structure shown in drawing 8 . 

[0041] With reference to drawin g 8 , the reaction layer 8 is formed between the adhesion layer 5 
and the Cu wiring layer 4 with the gestalt 2 of this operation. In this reaction layer 8, it is the 
layer formed of the counter diffusion of the element which constitutes the Cu wiring layer 4 and 
the adhesion layer 5, and it becomes possible by forming such a reaction layer 8 to raise the 
connection resilience of the adhesion layer 5 and the Cu wiring layer 4 further from the case of 
the gestalt 1 of the above-mentioned operation. Consequently, it becomes possible from the 
case of the gestalt 1 of operation of the above [ exfoliation of the cap layer 6 ] to control still 
more effectively. 

[0042] As the formation approach of the above-mentioned reaction layer 8, when the adhesion 
layer 5 is constituted by Ti, it is 200 degrees C - about 400 degrees C in temperature, and can 
form by performing heat treatment for about 30 minutes within a vacuum or an inert gas ambient 
atmosphere. 

[0043] Next, the modification of the wiring structure shown in drawing 8 is explained using 
drawing 9 . With reference to drawing 9 , the adhesion layer 5 located on the Cu wiring layer 4 is 
altogether changed into the reaction layer 8 in this modification by the above-mentioned heat 
treatment performed after forming the adhesion layer 5. Also in this case, it becomes possible 
from the case of the gestalt 1 of operation as well as the above-mentioned case to control 
exfoliation of the cap layer 6 still more effectively. In addition, in this modification, since it is 
necessary to change altogether into the reaction layer 8 the adhesion layer 5 located on the Cu 
wiring layer 4, the suitable heat treatment conditions according to the thickness of the adhesion 
layer 5 are chosen. 

[0044] (Gestalt 3 of operation) Next, the gestalt 3 and modification of implementation of this 
invention are explained using drawing 10 - drawing 13 . Drawing 10 is the sectional view showing 
the wiring structure in the gestalt 3 of implementation of this invention. 

[0045] With reference to drawing 10 , with the gestalt 3 of this operation, side-attachment-wall 
upper limit corner section 2a of a trench 2 is rounded off, and the cap layer 6 is formed so that 
it may extend on side-attachment-wall upper limit corner section 2a of such a trench 2 rounded 
off. As already pointed out as a trouble of the conventional example, the observation result of 
being easy to produce exfoliation in the periphery section of the cap layer 6 is obtained, and it is 
guessed that it is what a certain stress concentration tends to produce from this in the 
periphery section of the cap layer 6. 

[0046] Then, the artificer of this application rounds off side-attachment-wall upper limit corner 
section 2a of a trench 2, and was made to make the periphery section of the cap layer 6 extend 
on this that the stress concentration in the periphery section of the cap layer 6 should be eased, 
as shown in drawing 10 . Thereby, the touch area of the periphery section of the cap layer 6 and 
an insulating layer 1 can be increased conventionally, and it is thought that it enables this to 
ease stress concentration. Consequently, it is thought that it becomes possible to control 
effectively exfoliation of the cap layer 6 which had become a problem in the conventional 
example. 

[0047] Next, the manufacture approach of the wiring structure in the gestalt 3 of this operation 
is explained using drawing 11 - drawing 1 2 . Drawing 1 1 - drawing 12 are the sectional views 
showing the 1st process of the production process of the wiring structure in the gestalt 3 of this 
operation - the 2nd process. 

[0048] After forming a trench 2 with reference to drawing 1 1 (a) through the same process as 
the case of the gestalt 1 of the above-mentioned operation, processing which rounds off side- 
attachment-wall upper limit corner section 2a of a trench 2 is performed. For example, when an 
insulating layer 1 is silicon oxide, light etching which used the fluoric acid system is performed. 
Thereby, side-attachment-wall upper limit corner section 2a of a trench 2 is rounded off 
according to an edge effect. 

[0049] Although the enlarged drawing of side-attachment-wall upper limit corner section 2a of a 
trench 2 is shown in drawing 1 1 (b), as for side-attachment-wall upper limit corner section 2a, it 
is desirable to be constituted by the curved surface which has the predetermined radius of 
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curvature r. And as for this radius of curvature r, it is desirable that it is about 2-20nm. That is 
because it is thought that spacing during adjoining wiring becomes large and trouble is caused to 
detailed-ization when it becomes difficult [ implementation ] very [ radius of curvature r ] when 
smaller than 2nm, and radius of curvature r exceeds 20nm. From this, in the range whose radius 
of curvature r is 2-20nm, it can realize and it is thought that it does not become a problem 
mostly even if it faces detailed-ization. 

[0050] In addition, although the case where the above-mentioned corner section 2a was 
constituted by the curved surface which has the fixed radius of curvature r was shown in 
drawin g 1 1 (b), the curved surface which has different radius of curvature r may be put in a row. 
Moreover, if it sees microscopically, even if it cannot say that it is constituted by the curved 
surface, what sees on the whole and can be recognized as a curved surface is contained in the 
concept of the above-mentioned "curved surface." 

[0051] Next, with reference to drawing 12 , the Cu wiring layer 4 and the substrate layer 3 are 
formed by the same approach as the case of the gestalt 1 of the above-mentioned operation, on 
these, the sputtering method etc. is used and TiWN layer 6a with a thickness of about 200nm is 
formed. And CMP processing is performed to TiWN layer 6a like the case of the gestalt 1 of the 
above-mentioned operation. This becomes possible to form the cap layer 6 in a trench 2, so that 
it may extend on side-attachment-wall upper limit corner section 2a of a trench 2, as shown in 
drawing 10 . 

[0052] Next, the modification of the gestalt 3 of this operation is explained using drawing 13 . As 
shown in dra win g 13 , in this modification, the adhesion layer 5 is formed between the cap layer 6 
and the Cu wiring layer 4. It is thought that this becomes possible [ controlling exfoliation of the 
cap layer 6 further ] from the case of the gestalt 1 of the above-mentioned operation. In 
addition, also in this modification, a reaction layer 8 like [ in the case of the gestalt 2 of the 
above-mentioned operation ] may be formed. 

[0053] As mentioned above, although the gestalt of implementation of this invention was 
explained, it should be thought that the gestalt of the operation indicated this time is [ no ] 
instantiation at points, and restrictive. The range of this invention is shown by the claim and it is 
meant that all modification in a claim, equal semantics, and within the limits is included. 
[0054] 

[Effect of the Invention] As explained above, on one aspect of affairs of the semiconductor 
device concerning this invention, an adhesion layer is formed on a wiring layer and a cap layer is 
formed on this adhesion layer. Since the quality of the material with large adhesion 
reinforcement with a cap layer and a wiring layer is chosen as an adhesion layer, it becomes 
possible to control exfoliation of a cap layer effectively by existence of an adhesion layer. It 
becomes possible about originating in exfoliation of a cap layer and the top face of a wiring layer 
oxidizing by that cause, to control effectively, and it becomes possible to control generating of a 
wiring defect effectively. Consequently, while becoming possible to raise the yield conventionally, 
it becomes possible to also raise a wiring life. 

[0055] In addition, when the above-mentioned adhesion layer is constituted by the quality of the 
material smaller than it [ in / the adhesion reinforcement of this adhesion layer and a wiring layer 
is larger than the adhesion reinforcement of a wiring layer and a cap layer, and / in the growth 
rate of an oxide / a wiring layer ], it becomes possible it not only can to control exfoliation of a 
cap layer effectively, but to control that the top face of a wiring layer oxidizes by existence of 
this adhesion layer. 

[0056] Moreover, when the reaction layer by making an adhesion layer and a wiring layer react is 
formed between a cap layer and a wiring layer, it becomes possible from this reaction layer being 
formed of the counter diffusion of the ingredient of a wiring layer, and the ingredient of an 
adhesion layer to control exfoliation of a cap layer still more effectively than the above- 
mentioned case. 

[0057] Moreover, all the above-mentioned adhesion layers may be changed into a reaction layer, 
and it becomes possible to control exfoliation of a cap layer effectively like the case where a 
reaction layer is formed between an adhesion layer and a wiring layer, also in this case. 
[0058]-On other aspects of affairs of the semiconductor device concerning this invention, the 
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side-attachment-wall upper limit corner section of the trench formed in the insulating layer is 
rounded off. And the cap layer is made to extend on the side-attachment-wall upper limit corner, 
section rounded off in this way. Thereby, it becomes possible to increase the touch area of the 
periphery section of a cap layer, and an insulating layer conventionally. The stress concentration 
in the periphery section of the cap layer about which we were anxious in the conventional 
example can be eased by that cause, and it becomes possible to control exfoliation of a cap 
layer rather than the conventional example. 

[0059] In addition, as for the above-mentioned side-attachment-wall upper limit corner section, 
it is desirable to be constituted by the curved surface which has the radius of curvature of about 
2-20nm, and the effectiveness of not causing trouble even if it can realize easily and faces 
detailed-ization of a semiconductor device is acquired by making radius of curvature into such 
within the limits. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] Especially this invention is embedded in the trench formed in the 
insulating layer about a semiconductor device, and relates to the semiconductor device which 
has the wiring layer constituted by the quality of the material containing Cu. 
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PRIOR ART 



[Description of the Prior Art] Since the demand to high integration and improvement in the 
speed of a semiconductor device is increasing increasingly and it corresponds to such high 
integration and improvement in the speed, various examination also about a wiring material is 
made. Especially, about 0.15 micrometers of wiring width of face are considered that a thing 
usable as a wiring material is limited extremely in subsequent generations. In such an ingredient, 
using Cu as a wiring material in recent years is proposed. 

[0003] An example of the wiring structure in the case of using Cu as a wiring material is shown 
in drawin g 14 . The wiring structure shown in this draw ing 14 is formed of the wiring process 
using the method called the so-called "DAMASHIN method." The DAMASHIN method is 
indicated by monthly publication Semiconductor World 1995.12 "the wiring process using a 
DAMASHIN method" etc., for example. 

[0004] As shown in drawing 14 , the trench 2 is formed in the insulating layer 1, in this trench 2, 
the substrate layer 3 is intervened and the Cu wiring layer 4 is formed. The cap layer 6 is formed 
so that the top face of this Cu wiring layer 4 may be covered. This cap layer 6 is constituted by 
TiWN etc. and has the function which controls oxidation of the top face of the Cu wiring layer 4. 
By having such a cap layer 6 f oxidation of the top face of the Cu wiring layer 4 becomes possible 
[ it being controlled effectively and controlling effectively property degradation of a resistance 
rise of the Cu wiring layer 4 etc. ]. 

[0005] Thus, forming the cap layer 6 is indicated by Shingaku Giho TECHNICAL REPORT OF 
IEICE.SDM 96-169 (1996-12) "DAMASHIN Cu wiring capped by TiWN" etc., for example. 
[0006] Next, the manufacture approach of the wiring structure shown in drawing 14 is explained 
using drawin g 15 - drawing 18 . Drawing 1 5 - drawing 18 are the sectional views showing the 1st 
process of the production process of the wiring structure shown in drawing 14 - the 4th process. 

[0007] With reference to drawing 15 , a trench 2 is formed in an insulating layer 1 using a 
photoengraving-process technique, an etching technique, etc. next, it is shown in drawing 16 — 
as — CVD (Chemical Vapor Deposition) — TiN layer 3a is formed using law etc., on this TiN 
layer 3a, the sputtering method etc. is used and Cu layer 4a is formed. 
[0008] Next, CMP (Chemical Mechanical Polishing) processing is performed to the above- 
mentioned Cu layer 4a and TiN layer 3a. Thereby, while exposing the front face of an insulating 
layer 1, it leaves Cu layer only in a trench 2. Consequently, as shown in drawing 1 7 , the 
substrate layer 3 and the Cu wiring layer 4 are formed in a trench 2, respectively. 
[0009] Next, as shown in drawing 18 , TiWN layer 6a is formed using the sputtering method etc. 
And CMP processing is performed to this TiWN layer 6a. The wiring structure shown in drawing 
14 will be acquired through the above process. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, on one aspect of affairs of the semiconductor 
device concerning this invention, an adhesion layer is formed on a wiring layer and a cap layer is 
formed on this adhesion layer. Since the quality of the material with large adhesion 
reinforcement with a cap layer and a wiring layer is chosen as an adhesion layer, it becomes 
possible to control exfoliation of a cap layer effectively by existence of an adhesion layer. It 
becomes possible about originating in exfoliation of a cap layer and the top face of a wiring layer 
oxidizing by that cause, to control effectively, and it becomes possible to control generating of a 
wiring defect effectively. Consequently, while becoming possible to raise the yield conventionally, 
it becomes possible to also raise a wiring life. 

[0055] In addition, when the above-mentioned adhesion layer is constituted by the quality of the 
material smaller than it [ in / the adhesion reinforcement of this adhesion layer and a wiring layer 
is larger than the adhesion reinforcement of a wiring layer and a cap layer, and / in the growth 
rate of an oxide / a wiring layer ], it becomes possible it not only can to control exfoliation of a 
cap layer effectively, but to control that the top face of a wiring layer oxidizes by existence of 
this adhesion layer. 

[0056] Moreover, when the reaction layer by making an adhesion layer and a wiring layer react is 
formed between a cap layer and a wiring layer, it becomes possible from this reaction layer being 
formed of the counter diffusion of the ingredient of a wiring layer, and the ingredient of an 
adhesion layer to control exfoliation of a cap layer still more effectively than the above- 
mentioned case. 

[0057] Moreover, all the above-mentioned adhesion layers may be changed into a reaction layer, 
and it becomes possible to control exfoliation of a cap layer effectively like the case where a 
reaction layer is formed between an adhesion layer and a wiring layer, also in this case. 
[0058] On other aspects of affairs of the semiconductor device concerning this invention, the 
side-attachment-wall upper limit corner section of the trench formed in the insulating layer is 
rounded off. And the cap layer is made to extend on the side-attachment-wall upper limit corner 
section rounded off in this way. Thereby, it becomes possible to increase the touch area of the 
periphery section of a cap layer, and an insulating layer conventionally. The stress concentration 
in the periphery section of the cap layer about which we were anxious in the conventional 
example can be eased by that cause, and it becomes possible to control exfoliation of a cap 
layer rather than the conventional example. 

[0059] In addition, as for the above-mentioned side-attachment-wall upper limit corner section, 
it is desirable to be constituted by the curved surface which has the radius of curvature of about 
2-20nm, and the effectiveness of not causing trouble even if it can realize easily and faces 
detailed-ization of a semiconductor device is acquired by making radius of curvature into such 
within the limits. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Although it became possible to control oxidation of 
the top face of the Cu wiring layer 4 by forming cap layer 6a as mentioned above, when the 
wiring structure by which the artificer of this application is shown in drawing 1 4 was made as an 
experiment, it checked that exfoliation may arise in the interface of the above-mentioned cap 
layer 6 and the Cu wiring layer 4. As one factor of this exfoliation, it is possible that the adhesion 
reinforcement of the Cu wiring layer 4 and the cap layer 6 is weak. Moreover, the artificer of this 
application also checked that it was easy to produce the above-mentioned exfoliation in the 
periphery section of the cap layer 6. From this, a certain stress concentrates in the periphery 
section of the cap layer 6, and it is thought that this stress concentration can also serve as a 
cause of the above-mentioned exfoliation. 

[001 1] When the above exfoliations arise in the interface of the cap layer 6 and the Cu wiring 
layer 4, the top face of the Cu wiring layer 4 oxidizes, and we are anxious about property 
degradation of a resistance rise of the Cu wiring layer 4 etc. And the fall of the yield and the fall 
of a wiring life will be caused by such property degradation of the Cu wiring layer 4. 
[0012] This invention is made in order to solve the above technical problems. The purpose of 
this invention is to control the exfoliation from the front face of the Cu wiring layer 4. 
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MEANS 



[Means for Solving the Problem] The semiconductor device concerning this invention is equipped 
with an insulating layer, a wiring layer, an adhesion layer, and a cap layer on one aspect of affairs. 
A trench is formed in an insulating layer, a substrate layer is intervened in this trench, and a 
wiring layer is embedded. This wiring layer is constituted by the quality of the material containing 
Cu. An adhesion layer is formed in a trench so that a wiring layer may be covered, and a cap 
layer is formed in a trench so that an adhesion layer may be covered. Here, the above- 
mentioned substrate layer has the diffusion prevention function of the wiring layer ingredient to 
the inside of an insulating layer, and a function as an adhesion layer of a wiring layer and an 
insulating layer. Moreover, an adhesion layer has large adhesion reinforcement with the both 
sides of a wiring layer and a cap layer, and it has the function to connect both firmly. Moreover, 
a cap layer has oxidation resistance and has the function which controls that a wiring layer 
oxidizes. 

[0014] In addition, it is constituted by the quality of the material with adhesion reinforcement 
preferably larger [ the above-mentioned adhesion layer ] than the adhesion reinforcement of a 
wiring layer and a cap layer and with a cap layer, and the growth rate of an oxide smaller than it 
in a wiring layer. 

[0015] Moreover, it is desirable to form a reaction layer by making an adhesion layer and a wiring 
layer react between the above-mentioned cap layer and a wiring layer. 

[0016] Moreover, when forming a reaction layer as mentioned above, all the adhesion layers 
located on a wiring layer may be changed into a reaction layer. 

[0017] The semiconductor device concerning this invention is equipped with an insulating layer, a 
wiring layer, and a cap layer on other aspects of affairs. A trench is formed in an insulating layer, 
a substrate layer is intervened in this trench, and a wiring layer is embedded. This wiring layer is 
constituted by the quality of the material containing Cu. A cap layer is formed in a trench so that 
a wiring layer may be covered. And processing which rounds off this corner section is performed 
to the side-attachment-wall upper limit corner section of a trench. For example, when the 
above-mentioned insulating layer is constituted by silicon oxide, light etching processing in which 
the fluoric acid system was used for the insulating layer after the trench was formed is 
performed. By performing such processing, the trench side-attachment-wall upper limit corner 
section is rounded off, and the periphery section of the above-mentioned cap layer extends on 
the side-attachment-wall upper limit corner section of this trench rounded off. 
[0018] In addition, as for the side-attachment-wall upper limit corner section of the above- 
mentioned trench, it is desirable to be constituted by the curved surface which has the radius of 
curvature of 2-20nm. At this time, as long as it is a thing within the limits of 2-20nm as 
mentioned above, the side-attachment-wall upper limit corner section of a trench may be 
constituted by putting in a row the curved surface which has different radius of curvature. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is 
explained using drawing 1 - drawing 1 1 . 

[0020] (Gestalt 1 of operation) The gestalt 1 of implementation of this invention is first explained 
using drawing 1 - drawing 7 . Drawing 1 is the sectional view showing the wiring structure in the 
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gestalt 1 of implementation of this invention. 

[0021] The trench 2 is formed in the insulating layer 1 which consists of silicon oxide etc. with 
reference to drawin g 1 . The aperture width W of a trench 2 is about 0.18 micrometers, and 
depth D of a trench 2 is about 0.3 micrometers. In addition, the aspect ratio of a trench 2 may 
be one to about 1.5. 

[0022] In a trench 2, the substrate layer 3 which consists of TiN etc. is formed. The thickness t1 
of this substrate layer 3 is about 10nm. The Cu wiring layer 4 is formed on this substrate layer 3. 
The thickness t2 of this Cu wiring layer 4 is about 200nm. In addition, it is also possible to use 
CuZr, CuTi, CuAl, etc. instead ,of the Cu wiring layer 4. 

[0023] The adhesion layer 5 is formed so that the Cu wiring layer 4 and the substrate layer 3 
may be covered. This adhesion layer 5 is formed so that it may raise the adhesion reinforcement 
of the cap layer 6 and the Cu wiring layer 4 which are formed on the adhesion layer 5, the 
adhesion reinforcement of the adhesion layer 5 and the Cu wiring layer 4 is larger than the 
adhesion reinforcement of the Cu wiring layer 4 and the cap layer 6, and it is desirable that the 
growth rate of an oxide is constituted by the quality of the material smaller than it in the Cu 
wiring layer 4. While this becomes possible [ raising the connection resilience of the Cu wiring 
layer 4 and the cap layer 6 rather than the conventional example ], it becomes possible also 
about the top face of the Cu wiring layer 4 oxidizing to control effectively. 
[0024] As the quality of the material of the above-mentioned adhesion layer 5, Ti, TiN, Cr, 
aluminum, AlCu, AlSiCu, etc. can be mentioned. Moreover, as for the thickness t3 of this 
adhesion layer 5, it is desirable that it is about 3-50nm. By considering as such thickness, the 
above effectiveness is expectable. 

[0025] If the cap layer 6 is this case, it is constituted by TiWN. As shown in drawing 1 . this cap 
layer 6 is embedded in a trench 2 so that the adhesion layer 5 may be covered. Moreover, the 
thickness t4 of this cap layer 6 is 30nm - about 77nm. By considering as such thickness, it 
becomes possible to secure the oxidation resistance of the cap layer 6. 

[0026] By forming the above adhesion layers 5, it is thought that it becomes possible to control 
exfoliation of the cap layer 6 effectively. That this should be proved, the artificer of this 
application evaluated whether exfoliation of the cap layer 6 would arise, when the adhesion layer 
5 was formed. The evaluation result is shown in Table 1 . In addition, the case where Ti layer is 
formed as an adhesion layer 5 is shown by Table 1. 



[0027] 
[Table 1] 




CMP B*CD TiWN 1 
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TiN /Cu/ TiWN 






TiN/Cu/Ti/TiWN 
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TiN / Cu / Ti / TiWN ( H^IW l ) ) 







[0028] As shown in Table 1, when Ti layer which functions as an adhesion layer 5 is formed, it 
turns out that exfoliation has not arisen irrespective of the size of the stress to the cap layer 
after CMP (TiWN layer). From this, it is thought by forming the adhesion layer 5 that it becomes 
possible to control exfoliation of the cap layer 6 effectively. In addition, also when the above- 
mentioned quality of the materials other than Ti layer are used as an adhesion layer 5, it is 
imagined as that from which the same result is obtained. Moreover, although what heat-treated 
after forming the adhesion layer 5 in Table 1 is indicated, about this, it mentions later. 
[0029] Next, the manufacture approach of the wiring structure shown in drawing 1 is explained 
using drawing 2 - drawing 6 . Drawing 2 - drawing 6 are the sectional views showing the 1st 
process of the production process of the wiring structure shown in drawing 1 - the 5th process. 
[0030] With reference to drawin g 2 , a trench 2 is formed using a photoengraving-process 
technique and a dry etching technique. It is as having mentioned above about the dimension of 
this trench 2. 

[0031] Next, for example using a CVD method etc., TiN layer 3a is formed in the thickness of 
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about 10nm so that it may extend on an insulating layer 1 from the inside of a trench 2. On this 
TiN layer 3a f a CVD method or the sputtering method is used and Cu layer 4a with a thickness 
of about 400nm is formed. 

[0032] Next, CMP processing is performed to the above-mentioned Cu layer 4a and TiN layer 3a. 
This CMP processing may be performed using the slurry of for example, the alumina base. And 
CMP processing is performed until the main front face of an insulating layer 1 is exposed. 
Consequently, as shown in drawing 4 , while the Cu wiring layer 4 and the substrate layer 3 are 
formed, the recess section 7 is formed on these. The depth D1 of this recess section 7 is 
selected so that it may become the sum of the thickness of the adhesion layer 5 and the cap 
layer 6 which are formed at a next process, and if it is this case, it is about 80nm, for example. In 
addition, as for the depth D1 of the recess section 7, it is desirable to be set as about 50-80nm 
and a comparatively small value. Thereby, reduction of the cross section of the Cu wiring layer 4 
can be controlled, and the rise of wiring resistance can be controlled. 

[0033] Next, as shown in drawing 5 , Ti layer 5a is formed in the thickness of about 200nm using 
the sputtering method etc. And CMP processing is performed to this Ti layer 5a. 
[0034] This becomes possible to form the adhesion layer 5 so that it may be embedded in a 
trench 2, as shown in drawin g 6 . Then, TiWN layer 6a is further formed in the thickness of about 
200nm using the sputtering method etc. And CMP processing is performed also to this TiWN 
layer 6a. Also in this case, CMP processing using the slurry of the alumina base may be 
performed. The wiring structure shown in drawing 1 will be acquired through the above process. 
[0035] In addition, sequential formation of the above-mentioned Ti layer 5a and the TiWN layer 
6a may be carried out, and CMP processing may be performed to these laminated structures. 
[0036] Next, the example of application of the wiring structure in the gestalt 1 of this operation 
is explained using drawing 7 . Drawing 7 is the sectional view showing an example of the 
semiconductor device with which the wiring structure in the gestalt 1 of the above-mentioned 
operation was applied. Specifically, a part of DRAM (Dynamic Random Access Memory) to which 
the wiring structure of the gestalt 1 of the above-mentioned operation was applied is shown in 
drawing 7 . 

[0037] With reference to drawing 7 , the impurity diffusion fields 14a and 14b are formed in the 
main front face of a silicon substrate 10 so that a channel field may be specified. Trenches 1 1a 
and 1 1b are formed in the both sides of these impurity diffusion fields 14a and 14b. In trench 11a 
and 11b, insulating layers 12a and 12b are intervened, and the polish recon layers 13a and 13b 
are formed, respectively. 

[0038] The gate insulating layer 1 5 is intervened on the above-mentioned channel field, and the 
gate electrode 16 is formed. On the main front face of a silicon substrate 10, layer insulation 
layer 18a which consists of a silicon oxide etc. is formed so that this gate electrode 16 may be 
covered. Contact holes 1 1c and 1 1d are formed in this layer insulation layer 18a so that it may 
arrive at the impurity diffusion fields 14a and 14b. In contact hole 1 1c and 1 1d, the plug 
electrodes 1 7a and 1 7b which consist of W etc. are formed: 

[0039] Layer insulation layer 18b is formed so that layer insulation layer 18a may be covered. A 
trench 23 is formed in this layer insulation layer 18b, and the substrate layer 19 which consists 
of TiN etc. is formed in this trench 23. The Cu wiring layer 20 is formed on this substrate layer 
19, and the adhesion layer 21 is formed on this Cu wiring layer 20. And on this adhesion layer 21, 
the cap layer 22 which consists of TiWN is formed. On layer insulation layer 18b, layer insulation 
layer 18c is formed so that the cap layer 22 may be covered. In addition, although Cu wiring layer 
may be formed also in this layer insulation layer 18c, that illustration and explanation are omitted. 

[0040] (Gestalt 2 of operation) Next, the gestalt 2 of implementation of this invention is 
explained using drawin g 8 and drawing 9 . Drawin g 8 is the sectional view showing the wiring 
structure in the gestalt 2 of implementation of this invention. Drawing 9 is the sectional view 
showing the modification of the wiring structure shown in drawin g 8 . 

[0041] With reference to drawing 8 , the reaction layer 8 is formed between the adhesion layer 5 
and the Cu wiring layer 4 with the gestalt 2 of this operation. In this reaction layer 8, it is the 
layer formed of the counter diffusion of the element which constitutes the Cu wiring layer 4 and 
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the adhesion layer 5, and it becomes possible by forming such a reaction layer 8 to raise the 
connection resilience of the adhesion layer 5 and the Cu wiring layer 4 further from the case of 
the gestalt 1 of the above-mentioned operation. Consequently, it becomes possible from the 
case of the gestalt 1 of operation of the above [ exfoliation of the cap layer 6 ] to control still 
more effectively. 

[0042] As the formation approach of the above-mentioned reaction layer 8, when the adhesion 
layer 5 is constituted by Ti, it is 200 degrees C - about 400 degrees C in temperature, and can 
form by performing heat treatment for about 30 minutes within a vacuum or an inert gas ambient 
atmosphere. 

[0043] Next, the modification of the wiring structure shown in drawing 8 is explained using 
drawing 9 . With reference to drawing 9 , the adhesion layer 5 located on the Cu wiring layer 4 is 
altogether changed into the reaction layer 8 in this modification by the above-mentioned heat 
treatment performed after forming the adhesion layer 5. Also in this case, it becomes possible 
from the case of the gestalt 1 of operation as well as the above-mentioned case to control 
exfoliation of the cap layer 6 still more effectively. In addition, in this modification, since it is 
necessary to change altogether into the reaction layer 8 the adhesion layer 5 located on the Cu 
wiring layer 4, the suitable heat treatment conditions according to the thickness of the adhesion 
layer 5 are chosen. 

[0044] (Gestalt 3 of operation) Next, the gestalt 3 and modification of implementation of this 
invention are explained using drawing 10 - drawing 13 . Drawing 10 is the sectional view showing 
the wiring structure in the gestalt 3 of implementation of this invention. 

[0045] With reference to drawing 10 , with the gestalt 3 of this operation, side-attachment-wall 
upper limit corner section 2a of a trench 2 is rounded off, and the cap layer 6 is formed so that 
it may extend on side-attachment-wall upper limit corner section 2a of such a trench 2 rounded 
off. As already pointed out as a trouble of the conventional example, the observation result of 
being easy to produce exfoliation in the periphery section of the cap layer 6 is obtained, and it is 
guessed that it is what a certain stress concentration tends to produce from this in the 
periphery section of the cap layer 6. 

[0046] Then, the artificer of this application rounds off side-attachment-wall upper limit corner 
section 2a of a trench 2, and was made to make the periphery section of the cap layer 6 extend 
on this that the stress concentration in the periphery section of the cap layer 6 should be eased, 
as shown in drawing 10 . Thereby, the touch area of the periphery section of the cap layer 6 and 
an insulating layer 1 can be increased conventionally, and it is thought that it enables this to 
ease stress concentration. Consequently, it is thought that it becomes possible to control 
effectively exfoliation of the cap layer 6 which had become a problem in the conventional 
example. 

[0047] Next, the manufacture approach of the wiring structure in the gestalt 3 of this operation 
is explained using drawing 1 1 - drawing 12 . Drawing 1 1 - drawing 12 are the sectional views 
showing the 1st process of the production process of the wiring structure in the gestalt 3 of this 
operation - the 2nd process. 

[0048] After forming a trench 2 with reference to drawi ng 1 1 (a) through the same process as 
the case of the gestalt 1 of the above-mentioned operation, processing which rounds off side- 
attachment-wall upper limit corner section 2a of a trench 2 is performed. For example, when an 
insulating layer 1 is silicon oxide, light etching which used the fluoric acid system is performed. 
Thereby, side-attachment-wall upper limit corner section 2a of a trench 2 is rounded off 
according to an edge effect. 

[0049] Although the enlarged drawing of side-attachment-wall upper limit corner section 2a of a 
trench 2 is shown in drawing 1 1 (b), as for side-attachment-wall upper limit corner section 2a, it 
is desirable to be constituted by the curved surface which has the predetermined radius of 
curvature r. And as for this radius of curvature r, it is desirable that it is about 2-20nm. That is 
because it is thought that spacing during adjoining wiring becomes large and trouble is caused to 
detailed-ization when it becomes difficult [ implementation ] very [ radius of curvature r ] when 
smaller than 2nm, and radius of curvature r exceeds 20nm. From this, in the range whose radius 
of curvature r is 2~20nm, it can realize and it is thought that it does not become a problem 
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mostly even if it faces detailecHzation. 

[0050] In addition, although the case where the above-mentioned corner section 2a was 
constituted by the curved surface which has the fixed radius of curvature r was shown in 
drawing 1 1 (b), the curved surface which has different radius of curvature r may be put in a row. 
Moreover, if it sees microscopically, even if it cannot say that it js constituted by the curved 
surface, what sees on the whole and can be recognized as a curved surface is contained in the 
concept of the above-mentioned "curved surface." 

[0051] Next, with reference to drawing 12 , the Cu wiring layer 4 and the substrate layer 3 are 
formed by the same approach as the case of the gestalt 1 of the above-mentioned operation, on 
these, the sputtering method etc. is used and TiWN layer 6a with a thickness of about 200nm is 
formed. And CMP processing is performed to TiWN layer 6a like the case of the gestalt 1 of the 
above-mentioned operation. This becomes possible to form the cap layer 6 in a trench 2, so that 
it may extend on side-attachment-wall upper limit corner section 2a of a trench 2, as shown in 
drawing 10 . 

[0052] Next, the modification of the gestalt 3 of this operation is explained using drawing 13 . As 
shown in drawing 13 , in this modification, the adhesion layer 5 is formed between the cap layer 6 
and the Cu wiring layer 4. It is thought that this becomes possible [ controlling exfoliation of the 
cap layer 6 further ] from the case of the gestalt 1 of the above-mentioned operation. In 
addition, also in this modification, a reaction layer 8 like [ in the case of the gestalt 2 of the 
above-mentioned operation ] may be formed. 

[0053] As mentioned above, although the gestalt of implementation of this invention was 
explained, it should be thought that the gestalt of the operation indicated this time is [ no ] 
instantiation at points, and restrictive. The range of this invention is shown by the claim and it is 
meant that all modification in a claim, equal semantics, and within the limits is included. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the wiring structure of the semiconductor device in 
the gestalt 1 of implementation of this invention. 

[Drawing 2] It is the sectional view showing the 1st process of the production process of the 
wiring structure shown in drawing 1 . 

[Drawing 3] It is the sectional view showing the 2nd process of the production process of the 
wiring structure shown in drawing 1 . 

[Drawing 4] It is the sectional view showing the 3rd process of the production process of the 
wiring structure shown in drawing 1 . 

[Drawing 5] It is the sectional view showing the 4th process of the production process of the 
wiring structure shown in drawing 1 . 

[Drawing 6] It is the sectional view showing the 5th process of the production process of the 
wiring structure shown in drawing 1 . 

[Drawing 7] It is the fragmentary sectional view of the semiconductor device (DRAM) with which 
the wiring structure in the gestalt 1 of implementation of this invention was applied. 
[Drawing 8 ] It is the sectional view showing the wiring structure of the semiconductor device in 
the gestalt 2 of implementation of this invention. 

[Drawing 9] It is the sectional view showing the modification of the wiring structure shown in 
drawing 8 . 

[Drawing 10 ] It is the sectional view showing the wiring structure of the semiconductor device in 
the gestalt 3 of implementation of this invention. 

[Drawing 1 1] (a) is the sectional view showing the 1st process of the production process of the 
wiring structure shown in drawing 10 . (b) is drawing which expanded the side-attachment-wall 
upper limit corner section of the trench in (a). 

[Drawing 12] It is the sectional view showing the 2nd process of the production process of the 
wiring structure shown in drawin g 10 . 

[Drawing 13] It is the sectional view showing the modification of the wiring structure shown in 
drawing 10 . 

[Drawing 14] It is the sectional view showing an example of the wiring structure in the 
conventional semiconductor device. 

[Drawing 15] It is the sectional view showing the 1st process of the production process of the 
wiring structure shown in drawing 14 . 

[Drawing 16] It is the sectional view showing the 2nd process of the production process of the 
wiring structure shown in drawing 14 . 

[Drawing 1 7] It is the sectional view showing the 3rd process of the production process of the 
wiring structure shown in drawing 14 . 

[Drawing 18] It is the sectional view showing the 4th process of the production process of the 
wiring structure shown in drawing 14 . 
[Description of Notations] 

1, 12a, a 12b TiWN layer, 7 recess section, 8 reaction layers. An insulating layer, 2, 11a, 11b, 23 3 
A trench, 2a side-attachment-wall upper limit corner section, 19 Substrate layer, 3a 4 A TiN 
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layer; 20 Cu wiring layer, 4a 5 Cu layer, 21 Adhesion layer, 5a 6 Ti layer, 22 A cap layer, 6a 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 7] 
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[ Drawing 11] 
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[Drawing 1 3] 
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[Drawing 14] 



6 




4 3 



[Drawing 15] 
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[Drawing 1 8] 
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tl*^6T**. C<DC<h<fcy, i*fgr#2-2 0 
n m(0ttHT(**«pTlircfty , SSMfclCtg LTtlilS 

[0 0 5 0] fZtSs 011 (b) iCli, — 

r*wr*ftisrccky±E3-^-aB2 aMiracSttfcif 

a*a>t«><D-C*^Tt)J:t^ »«Wlc*ti(;fflB' 
(c,fcy«j«snTO*<fc(il>*fc<T'b* ±&Hlz»T 

[0 0 51] ;*IC, 01 2€r#BBUT. ±EOHJfiO^ 
fig 1 <0»6<fc|S|«G>*>i-CC u RjglB 4 iTifeil 3 

T, 2 0 0 r\mmg.V>mfr<Z)T i WNI6 

z>o tux. ±&<Dnm<Dmm^ (Dm^tmmz. t i 

40 WNl6al:CMP^ito *tllC<fcy, 0.1 0 iZ 

TjkZtlZ&VlZ. hu>^2rtic, h^>^ 2 ^ffi'J^-t 
m*—*9 2 a ±(C5SSE-T^cfc 5 fc* ir y ^B 6 4t1B0t 

[0 0 5 2] ;^(C, 01 3*ffl'C\T. *jtJSOJBffi 3 <0 

ftsflicoi^rim^ft. 0i 3 ic^$n^<j;c>ic, * 

*-fry^B6<tCuREt»B4i:OIH'(cS» 

B5^fiSc$nri^o ^nidcfcy, ±u<omm<omm 
1 oti^cfc y t> $ e> ic+^ 4 > ^b 6 (Dmm&wviT z> c 

50 *>, ±EOH«g(0^«g2<D4i^<Oct^35:S^B8«:^fi6 



( 6 ) 



WHW10-261635 



[0053] m_h(£><fce>tc. zL<D5tw<D%m<r>mm[z-o 

[0 0 5 4] 

WM^s^^n-sw-c, ®;tJirom£icj;y*-f;>yji 
y. *-v>y@wsijgiicsgabTiE^eo-h®^^b$ 

f&<Z>$£!£ZWimttolzW%lTZz\ £&*!&£*£%. ^©SS 
[0 0 5 5] ±E0!>B»j|0f. ^SS^JliKI*)! 

y *>/Jn ^ t ic<fc y nfcig# ici* . * * •;/ yji 
©««*sfcjRWc#PMT** tf y t&< . frfrzmm 
gro#«(c J: y iE*8JI©_hffi#<K<b£ft-5 c <t* fettJpj 

[0 0 5 6] f-fc. yy«<tE»JB4:©raic. &g 
€ <fc K«8J1 £ & £ 1± -5 C <t (C «fc 6 £ ff*fi£ U fc 

©ffist£»tic«fcyjBfi£$n-5c:<t^e>. ±8Bois^«ty 

«>*6lc»iia*ll=*lry^JiOilJ«*»fti-r*C'i:<*pI 
[0 0 5 7] g;t, ±fBroeB*S(i-r'<TSJ6«lcS« 

S«Jl«»J|g*snfc«^i:ra*l=. 
©««*#Pft|-r -5 C «!: #*5IfS£ <*:/<£ 3. 
[0 0 5 8] C©5IWIC<3i3#gtti^©ft!>©^MT~ 

**vzf®o>mB8i£iieLBm£<Dmtewmz. 

[0 0 5 9] fcfc. ±iecD#Jg±«3 -^-SPli 2-20 
n mlt©i$fg€ 3 fil® lc<fc y C £ 



m u Tt> £Pf£ £ fc $ *e i \ £ t \ v ®m tun e.ns. 

[0ffi©lB*ft»W] 

C©fgW©|lSg©JB$l 1 ICfcl7<5¥iH*!gSB 
©i2i®rai££^-flSf®0T;fe3. 

[S2] si ic^5n«E^4gjt©sitxgrom 1 x 

[0 3] 01 lc^£n3iESg«it©i!!iiXfI©lfS 2 1 
[0 4] 01 (C^$tl-5iEJi1gjt©S!!jtXSWm 3 X 

10 m&TikTmMm-v&z. 

[0 5] 01 izfji2ftz>$i%iimm<Dmmj:m<DWi 4 x 

H£;jrf»r®0-e&-5. 

[06] 01 izijii*nz&i&mm<Dmmi.m<D& 5 x 
[0 7 ] z.<omw<Dmim<DWtm 1 icasit-sKamsigA* 

iSffl5*tlfc¥3J#gB (DRAM) ©g|J»®f®0-C^ 

[0 8] C©fgW©||ffi©ff5!BI2lCfct*£#igftig|g 
©&8M§ii£^-fBR®0T-;fc-5. 

20 [09] m8{zm$nzmmmygc>mmmz7jiTmw 

0T'*-5o 

[010] C©fill8©IISfccDff5SI 3 lZ£HtZ*mt*Mi 

[011] ( a ) (*0 1 0 izijiz ti^mmmm^mm 

1 XH£jF-tSu50T&.g>. (b) (i (a) IC 
33(7-5 h U>5 1 <OfiiJig±ffi=l-^-gU€t£^Ufe0T'fe 

[012] 010 izTuztxz&mmmcDmmxmnm 

2 Xg^*-r»rS0T-«)-5„ 

30 [013] 01 oiz^n^simmm<ommm^7rit 
[0 14] fie3R©*#ftiiMicfcit^Eigs^-ffij 
[015] 014 iZ7jkztiz$ii&mm<DmmxmcDm 

. [016] 01 4iz7*t<tiztii®mm(Dmmxm<owi 

2 xmzTjiTmmm-c&z. 

[017] 01 4(c^$n-5iE^mitc0S!!jtXgcDlg 

3 X^^m-rKiH0-C*-5„ 

40 [018] 014 iz^zti%$immm(Dmmj:m<DWi 

4 liSft BrS0T-*^>„ 

[S^lttw] 

1 , 12a, 12b JfeiitJl. 2 , 11a, 11b, 2 
3 hU">?% 2 affliJil±aSj=l-:*-SB. 3, 1 9 Tife 
1. 3 a T i Nf, 4 , 2 0 C u EtSS, 4 a C 
ui. 5, 2 1 gg^S. 5 a Tiil. 6, 2 2 * 
•fr-y^. 6 a TiWNi, 7 y-tr^g|J. 8 SlS 
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WBBVI 0-261 635 



[(HI] [0 2] [0 3] [0 8] 




1 : 2: hU>f 3 : T*S 



[0 6] [0 9] 

[0 4] [0 5] 




[012] [013] [014] [0 15] 




4 3 




(72) mm 



